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Al)st [’act

‘llm Mars l’athfindc.r  l’rojc.d plans  a 1 kcc.mbc.r
]  !)g6 ]21U1)C]1  of a S;llf!,]C.  S])aCCC1’af[. Aftc.r
jc.t(isoninf, a  c.rujsc, stage., an entry body
cxmlainin:,  a lamicl and nlicmmvcr wjll dimlly
cntu tl]c Mars atmosphc.m ant] ]mwc]]utc.  to a
had landing near the sub-solar latitude of 15
(ic.p,mc.s  Nor(l)  jn Ju]y 1997. l’rimary surf am
opcmt ions 1 ast for 30 days.

(ksl csljmalc.s for l’athfindm ~,mund  systcm~s
dc.vclo]mcnt  and opuaticms am not only lowed
jll absolute dollars, but also arc a lower
pcmcmta~,c  of total pmjcd  costs (harl ir] pasl
])laIIctaIy ]nissic)ns. Operations teams will k
smaller and fcwc.r than typjcal flight projects.

Opmit ions sccmarim have been clc.vclcpd  cad y
in the proj~c[  and am bcins  u s e d  to gllidc
opc.rations  IIll]>lclllclltatioll  anti flif,ht system
dc.sijy].  Rccovcry  of kcy cnginccring  data fmm
c.l~try, dcsccnt,  and landing is a top l~lission
]Niori[ y. ‘1’hcsc data will bc rcml’clcd for
playback aflcr landing. Real-time. tmckin~ of a
modifid  can$icr  sifyal tlmug}l this phase can
provide ilnpollant  insip,ht  into the spaccmaf(
pcrfonnancc  clurjn~,  cn[ry,  dcsccnt,  and landing
in the. event rcccwclcd  data is ncvcI ]ccdvc.d.

Surf:icc.  sc.cnarios arc dominated by micmmvcr
activity ad lander imaf,ing durinf, 7 hours of
(1K h4aix day fmn 0700 to 1400 local solar
time. 1 ;fficicnt uplink ad clowlllink  pmccssc.s
have bc.c.1~  dcsi:,nccl  to cmmaml the lander and
J nicmm’cr  c.ach Maw day.

‘1’hc WOI k dcsct ild ia this papm wa$ cal rid ml
UIIdCI a cwt[tact  with the Na(io]tal  Amomutks  al]d
,S])acc. A(ll]]illistla(iori.

Mission overview

Mars l’athfindcr will be launclmd  OH a lklta
‘/925 durinp, a  30-day period  l~c:)inninp,
1 )cccmbcx  6, 1996. ‘1’hc flight sys[cm consists
of a cruise. stage  and an entry sta~,c.  (I;ig. 1).
‘J’hc cmisc stage is jct(isoncd  just prior to entry
into the atinosplmc  directly from the approach
trajectory.  lnsi(ic  tlm entry body am the lander
and parachute, I.ctm-rockc[,  and air baf;
dc.coloration systclns. “1’l)c lander  js a
tc.trahcdmn (1 ‘j~,. 2), with a base ])latc and 3
pcta]s covcrcd  with solar CCIIS. A micmmvcr
Icsts 011 O]lc petal. ‘1’hc missjon uses a slml
‘J ‘ypc 1 t ;ansfcr t ra.jcclory  and is t arp,clccl  for a
constant ]anclinf, date cm July 4, 1997 at 19.5°
N, 3?..8°  W in tllc Ams/’l’iu Vallc.s outflow
channel into Chrysc  l’lanitia.  l’rimary sdacc
operations, lasting 30 days, consist of mvcr
tcchno]ogy  cxpcrjnlcnts, and jmagin~,  alpha-
pl”otol)-x-ray  Spcctl’omcll’y  and mctcololo~>y
scicncc.  A 10WCI activity cxtcndcd  nlission li~ay
last for up (o a year.

Costs

As a 1 )isc.ovcvy lnissjon,  h4aw l’athfindet  costs
arc c a p p e d  a t  $1 5 0 h 4  jn I{Y92$ for
dcvc.lopnc.nt.  ‘]’his translates to $171 M in ]cal
year dollars. II] addition, the tc.chnolof,y
program contributes  $2.5M for Iovc. r
dcvclopmcnt and opcfratjons. ‘J’l]c.  Mission
opcrat  ioj~s and 1 )at a Al~al  ysis budget fmm
launcl~~  30 days to lind of l’rojc.ct  is $14M.
‘1’ab]cs  1-2 show cost data for the m:ijor
systc,l~ls  al~~] dc(aijs  of tllc (;]o~ll~d  ])ata a~l~l
Mission Opcmtions  Systcm budgets. At a total
o f  $] ().9h4 and 6%, the. ~,1’OUIl(l  system
dcvc.lopmcnt bud~,c.t is smal k in both absolut c
dollars and as a pcmc.ntap,c  of total pmjcd  costs
than pfcvjous  missions.
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organization

‘]’bc. O] KH”~tiOllS  mf,alli~atioll  fol” h4ars
l’atl~fildcx is smallcx  ami has fc.wcx Icams (Ital]
typical .ll’1. fli~,ht  pmjccts. “1’l~cc)l~,alli~.:ltioll,
a s  illustmtcxi  in l;i~,. 3, col]sis(s ofa I’fojccl
Off ice., a h4ission  l)imctor,  an(i 5 opc.ratiolls
teams: ltx]mimc.nt ‘1’cam,  l;ngincclinr, ‘1’c.aln,
h40S()  Support  ‘1’cam,  (il)S Maintc.nancc,,  aIKi

~lXShl Opcmticms ‘J’c.am. ‘I’llcsc[ c:il)lsrc.])ol”(  [0
tbc h4ission IXmclm, wbo in turn qmls to tbc
l’rojcct  h4anap,cr, who bca(is tllc 11o11-
opcralions  l’miccl  Off ice.. “1’bc staffing
nu]nbm  shown;  n l;ig. 3 {icllotctil  c.lllaxilll~llll
lc~~cl] ~l:~llllc(ifo  ro]~cl:itiolls.  “l’l~isor~,alli~latic)ll
is in plain in Oclobcr 1995 at tllcl~c~,illlli[l~,c)f
A’]’],0 (assmbly,  test, and launch  opmatims).

‘J’])c,  ]ixpcril]]c,j~t  ‘J’ca]n ]~rovidcs opc.ra[ions
sup]m]l for mvu opc.ration  an(i scicncc ald
tccbnology  cxpcrimcl)ts (iurinp, sulfacc
o]mmticms pbascs. “1’llis  team inclu~ics scicncc
invcstjp,  atol”s a II (1 10 VC. I’ tccbnology
cxpcI”i IncntcJs whc.n the.y alc performing
operations Iasks.
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‘J’hc linp, inccrinf, “J’c.alll conciucts  ntission
planning,, scqucncc gcnc]ation, flip,bt sys(c.m
pcrfomancc  analysis, navigation,  and mal-time
fli~,bl cxmlml atl(i  conmumiinf,  tasks llM imuc
safe opc.rations  an(i acllicvcmcnt  of lnissioll
obicctivcs. ‘J’bis [cam also suppmls  A“J’I ,()
with plannil~s, an(i (ic.vc.lopmcl~t  o f  t e s t
scquctms  for (cA anti  training.

Suppor[  is pmvi(icd  by MOSO (Mulfimissjon
O]xralio]ls SyS(CfInS  Officx) for ciata sys[cIN
operations, ciafa  a(iminis(ralion, an(i ima~,c
procc.ssjn?,. l{]a(i(litio]l,  h40S()]t ~:till[ail~stl~c”
b a s e l i n e  G1)S capabi]itics at m cos[ to tllc
1 ‘1’ojcd  .

‘1’bc l’Jojccl  a(iapta[ions 10 Ihc baseline G] X arc
lnaintfiincciby  lTojcc(GI)S pmonncl.

‘1’IK I)SN (I)ccp Space Nctwmk) Opcratimls
‘1 ‘cam pmvidcs  the. int crfacc bc(wccm  tlm 1 ‘mjcd
an(i [Ilc INN for obtaining nctworl  covcra~c
for conllnandin~  an(i tclc]nctry  rcccjpt al no
cost to t ilc 1 ‘1’ojc.i(  .
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1 ~jgum 4. Mars l’atllfladc.r  Cmisc  ‘1’imclim

‘J’hc Cmtl’y, [hxxmt, and lanclinp, (1 i] )1 /) J)hfiSC of
tllcl’atl)fillclcll  llissjol] bcg,ins  one. day ]wicwlo
Mars auiva] and cmds wjth the touchdown  o f
lhc landc.r  on [k Mars surfacw.  A n  1~1)1,
scquc.ncm, a sol 1 and sol 2 scqucncc, and a
continf,cncy  scqucncc  (cmvcring  the entire
surface. oJ~crations ])hasc in the c.vc.at Jaading
damage prcvcats aormal opc.rations)  arc
uplinkcxl prim 10 jcl(ison of tllc cruise stage.
‘J’Jm 1 iJ )1, operational scenario is cl)arac[crimd
by lIK following:

a .  Continuous  I)SN covmwgc’ is pmvidc.d
tlmms,h a “/O-M I)SN station. ,

h. C o n t i n u o u s  real-time  engincwring
Idlcmctry monitoring of the flight systcm
s[atc up to J>arachutc dcp]oy.

c. Continuous carrier tracking to obtain
flight systcm  stfitc information cmcc.millp, Jicy
1 \J )1, events. ]<cal-time tracking and mcodin~
of cauicI” signals am Jmrfol’lncd  at lhc 1 )SN
s[ation. Real - t ime disJ)lay  of fmqucncy
s]mlm]n thKm@] a Spcctmm Signal  indicator
(SS1) f,ivcs some visibility into 1{1)1,  status.
‘J’clclnctry  acquisition  wjll not bc ~wssiblc  af[cr

J) W’aC]Illk  (lCl)]oy  (llIC to large varying an~]cs
bctwc.cn the. ‘f’li~,ht  systcm  low p,;ill ‘an(ellna
bore .s i : ,h t  and lia]tl).  MOS will obtain
know]cdgc  of c r i t ica l  events  usin~ the
folJmving two lmchanisms:  (1) 1 )ctcminc the
dCVj2i[iO)l  fl”om tk! llOIllillal  crltI’y  JJI’ofi]c b y
measuring the line-of-sip,ht velocity usil]g a
rccovc].cd  1 )opplcr  f r e q u e n c y  pmfi]c.  (2)
Analy~c  tk transition of alnJJ]itudc  moda]atccl
calrjcr  sifg]als 10 dctc.mine. the modulation
jtdcx  chan~cs,  ‘Jlc.sc chaaf,cs  am commancicd
b y  Ihc. flip,ht  syslcm  to obtain a  carrier
suJ~prcssiol~  of () 0] 6 d]] (and perhaps other
lCVC.JS) llpon tllc oc.cul’l”cncc  of kcy events in
[I]c 1 i] )1, scqucmc.  ‘J’hcy Jmvidc  cxitical  state
jnformatioa  to the MOS. IJig, urc 5 dcj)icts  a
]~c)tcl]tial  s[ratcgy for obtaining tcJc.Inctty  and
1 H )1. state information.

d. Autonomous execution of on-board
ltl)l, acfivitiw  by tlm fljf$t systcm.  “1’hcsc
autonomous actions, c.~. cruise sta~c
separation, chute. dcp]oy,  IIc.atsllicld  dcasc,
lander  m]casc, RA1 ) firing, arc cxmtdlcd  l)y
tllc flish( software based on pyro cvcal limin$,
paramclcrs  jn (I]c. 1 i])], scqtlcncc.  ‘1’l~is lncans
that no real-ti)nc gmLIDd  contmJ of the fli@t
systc]n is ] mssiblc af[c.r  muisc st af,c sc.JJarat  iol I.
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~SIII’Pdce  Scmario

h40st .1I’1, spacccmf[  opcmtc in [hc m]ativcly
WC,]]- undcmtood cnvimllmcnt of dcc.}) s]mcc.
l’atllfindcl”,  howcwc.r,  musl laIlci  anti Opcntc 011
a lar~,c.]y ul~known plandmy  surfidcc.  ‘1’hc til[ of
tlm landc.r with mspcd to tl]c Sun, 1 iartl~ all(i
local horimntal  all affect battery chargins,
cc)llll~lllllic:ttiolls  anti mvcr lnancuvcrin?,
opc.rations.  ‘1’hc.  amount of atmosplmjc  dust
affc.cts  solar panel  u3s]mnsc and amount of
l)at tcry hca[inp,  mcjuimd.  Nc.arby  Jocks or
fcatums  might block  tlm Sun or mvcd exit
paths. 1 ,an(icr olicntaticm in ay<imuth  with
rc.spcct to tllc Sun change.s tiw time of day
wlmn various  amounts of powc.r statc<s  am
machccl and WIVN pic[mm can bc taken. “J’hcsc
arc al] factors  whic]l can k s t a t i s t i c a l l y
sunniscci but n o t  known in a(ival)cc,. ‘1’hcy
make pmiictioa  of activity scqucmccs  and
ll]issioll d a t a  return  tilnc t a b l e . s  more
pml~lcmatic than for lllost  other (ypcs of
missions -- even if lhc landm wcm 10 work
pc.I”fc.c.(1  y.

N o m i n a l  ]andc.r  pcrfomancc  and surfidcc
sccmarios am bascxi on an c)ptical  depth, tau, of
1 .() and an advcm  lan(ic] lilt of 15°. Roug,h
c.s(ima[cs indicak  a pmbabi]ity of abcn]t  82%

ti)at tllcsc values  will not bc cxccc.(icxi. ‘l’lIcy
am bad cmough 10 significantly limit aqtivity
sclmiulcs.  Contingcmy scenarios will bc ]ca(iy
if conditions arc bct(cr or WONC.

WC, hope. to accomplish the. basic mission
quickly, since thcmal  cycling  cx)Lll(i  cnci  the
mission cady. As shown in ‘J’ab]c S, much of
the. ima~ing  is done on sol 1 and stcmci. ‘1’his is
bc.cause tl]c data acqllisition  schcIm inc]udcs
imaf,ing as much as possible car]y and storing,
t h e  comJmsscd  (iata in ihcmory, in c a s e
anything gms wrong with tl)c camera later. ‘Jihc
plal~ is to cxmlJ>lctc  the. basic rover mission in a
wcc~  .

‘1’0 amount for a I anr,c of cmvimnmcmts, as
wc.1] as for possible hadwarc  pmblcms, the
])rojcct  has adoptcci a policy of maintainin~,
so]nc n u m b e r  O f  both  “ n o m i n a l ”  and
“cm)tingcncy” scenarios. “1’hcsc  sccnarim  am tO
bc nc.got iatcxl  before lanciing to rcducc  decision
tilncs.

‘J’able. 3 slmws a mn~,c of adivity  scllcdulcs  and
m i l e s t o n e s  fol three. (ii ffcmnt  cxalnplc
conditions: optilnistic,  mciuccci,  anti 10ss of
lli~,l)  Gain Antenna (1 lGA). ‘Jksc  sccnaric)s
arc gene.rated in a systcln of spmadshccts



wl)ic])  include forlnulas for bat[cry clm~,in~,
a]ld disc.llar~, inr,, d a t a  coln))rc.  ssion,  al]d
c.n~ilmcrinf,  data acquisition, and tab]c.s for
l)SN COVC1’:l~,C, solar ar ray in])u(, ac[ivity
Scllcdlllcs,  l“ovc.r and laIKlc/rp(nvcl” lIK)(ICS> al)(l

d a t a  latcs.  As SIIOW]), c.acl] sccllnrio  call  lW
rc]mr[cd  a~ains(  :Iscllc(illlc.  fol:lci)ict’clllcllt  of
fmnal IIlissiolls  llcccssll  )iicstc)llcs.

1 ):ila acquisiticm anti  (iata rdura ]mjcc[ions  for
al] “optilnis[ic”  nominal mission arc simwn ill
‘J’ablcs 4 an(i S .  Among, t h e  optill]istic
assull]ptions  is tlm amount that can bc achic.wxl
o]) so] 1, as silown in ‘liable. 3,

‘1 ‘Ilc 1 {1 )1 . al)(i sol 1 Slx]uc!ncc.s (as IOacic(i before.

cnlry) rLII)  until tclcmctry can k rcccivd  ami
tllc lan(icl”  call  1X Colnmall[itxi from IM”(ll,  al
which ]min[ so] 1 activity can k mmiifid  if
nc.ccssary. Rover cicp]oy]ncnt  is cnablc(i  from
[lIc fyoul)(i  base.(i m ciownlinkc.ci  images. ‘1’IK
operations plan for each sol thcrcaftc.r is to
comIwtIl(i the lan(icr an(i rover ill the Mars

IIlorl]il]g jus( af[cr rcwcipt o f  ilnporlal]t
ovcr[lip,lll lc.lc]nctry  [0 con fir~n ac.ccp[al)]c
status. l)c])c.n(iing on lhc amol]n[ of solar
power available an(i lancic.r  cncr~y l)alancc, u])
[0 5 IImrs of a(icii[ional  tclcnlclry is obtaillcxi
ciurill~,  tlm rcs( of !Im so] for rovcJ an(i lnmicr
s t a t u s  and scic.nc.c.  (iata. ‘1’lIc nominal
cc~lllllllll]icatiolls  Jmimi is fmlll 0-/()() 10 1400
1 ,S’1’. l)urin~, the. otl~cr  17 IIours MC.]] sol, 5
hours  arc aiioca[c.(i  for tclclnctry  analysis, an(i
15 hours for rcplannin,g  an(i a highly autoIIMtcci

generation of the scq[lcu)cc  for tl)c nc,xl so],
]cavinp, a ? lImIr nlarfjin. ‘] ‘] I i S J )1’OCCSS  J’CpC:tt S

cacil so] fo r  Il]c rcsl o f  t h e  30 so] prilnc
lnission.

Opcra[iolls af[cr the. 30 so] prilnc nlissio~l
continue silniiarly, cxccpt  that ti]c. (iata latcs
wi] 1 go down  by 75% whc. n t hc pro jec t
swi[c.llc.s  to 34-n~;tc.r  I)SN s(atimls. ‘1’hc ciata
rate con[inms to (irop (0 a low of 1 SO biWs in
J u n e  1998,  as  the  liar[ll- Mars  dislancc
incrcascx.
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l)ownlink of ]nmh of tllc panorama data occurs on latcl  SOIS.
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